¢ Deep moonquake analysis focused on the moonquake clusters closest to the Apollo 17 site: A1, 


¢ Three goals for this study: Apollo 11 PSE 
¢ Identify additional detections of deep moonquakes = “rvllo 12 Pst A6, A7, A18, and A22. 
from Apollo 17 LSPE data that correlate with Apollo “°° * Correlation analysis affected by sensitivity of instruments. PSE SP and LSPE geophones 
Apollo 15 PSE ; : 
12—16 PSE data ee frequency ranges overlap, while PSE LP instruments have a lower frequency range. 
¢ Correlate meteorite impacts from Apollo 15 and 16 = ayoio 17 ispe _ ¢ Meteorite impact analysis focused on the 31 known meteorite impacts detected at one or more 
PSE SP data and Apollo 17 LSPE data 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 Apollo stations during the LSPE data range. 


¢ Apollo 17 geophones were not designed to measure distant events, and meteorite impacts close 
to the other stations were likely not large enough to produce seismic energy detectable at such 


large distances. 


¢ Investigate potential of using Apollo 17 LSPE 
geophones as a small-aperture array to locate : 
thermal events A. Se 
¢ Apollo 12, 14, 15, and 16: Passive Seismic Experiment § ree Oe o oR S eas wo. 
(PSE) with Long Period (LP) instruments and a Short ~~ a ee | 
Period ( SP) instrument components 
¢ Apollo 17: Lunar Seismic Profiling Experiment (LSPE) 
with 4 geophone components sails st 40 94 a 4, Sines des, Aan dy b atheceae ieaanamens 
° LSPE data (Aug. 15, 1976 — Apr. 24, 1977) was never resort padonten from kewemura et ol, 2015) Bottom RightsApello 17 SPE 
thoroughly analyze J mane ir depen len tly aye i geophone locations and the location of the lunar module. (Heffels et al., 2017) 
conjunction with simultaneous seismic measurements made at Apollo 12, 14, 15, or 16. 
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ea | \ Left: Deep moonquake from cluster A6 seen on 

9 08/26/1976 hour 12 at (a) Apollo 12Ipy, (b) 
TMM | rte th go ss 
eo ed but not on (e) Apollo 17 LSPE geophone 1. 

Right: Meteorite impact seen on 04/17/1977 

hour 23 at (a) Apollo 14 PSE SP, (b) Apollo 15 


PSE SP, (c) Apollo 16 PSE SP, but not on (d) 
Apollo 17 LSPE geophone 1. 


fy 
.* (chen 
Bs 
‘ te 
. ." 


Amplitude 
Amplitude 


04 a 
0.000 
-0,010 . ; | 
5 10 15 2 ss _ 7 
X 10+2 


Time {seconds} Time (seconds) 


s eneenenennnennnenenneneanaass ¢ Sunrise and sunset events have different waveforms. 
¢ Sunrise events have two different enhancements and may be 
caused by different phenomena suggesting multiple origins of 
thermal events. 
¢ Sun warming different part of landscape, such as the Lee- 
SS ———_—_———————— Lincoln scarp 
"nA A IA TA IA IA IAA dee ¢ Expansion and contraction of rocks around the Lunar Module 
a aie oe ae ae ¢ The varying time interval between initial insolation and peak 
temperature: rocks have higher thermal inertia than soil, hence 
they may fail later. 
¢ The directions of events are mainly random outside of sunrise 
300 § | and sunset times. 
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08 = ¢ Further exploration into impact of solar cycle on lunar surface 
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¢ Identified diurnal enhancements of events 
¢ Hand analysis: two enhancements of events with a gap of 9 
hours at sunrise 
¢ Hidden Markov Models (HMMs): enhancements of events at 
both sunrise and sunset 
¢ Arrival times identified for 609 events 
¢ Classifications waveforms (temporal distribution) 
¢ Preliminary arrival direction analysis (azimuth) 
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(c) Emergent 24-hour bins o 
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io 21 150 Top Left: Sample of Impulsive event, Top Middle: Sample of Intermediate event, Top Right: Sample of Emergent event. Bottom Left: an d locat lONS of SEISMIC Eve nts 
si Analysis from HMMs shows the three types of events broken down in 24 hour time bins for 8 months of data. The red curve is temperature 
0 based on the solar flux. Bottom Right: Histogram of hand analysis results showing all events broken down into hour time bins for 
a.o0s vit fm e September 1976. The impulsive peak is made of two separate enhancements, separated by a delay. 
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Gravimeter as a lunar seismometer: Investigation of a new source of seismic 


Polar histogram of event directions for 


information on the Moon, J. Geophys. Res. Planets, 120:343-358. 


Determining arrival times from Apollo 17 LSPE geophones. Red indicates the : : 
arrival time, while blue indicates the uncertainty region. From top trace to 240 120 pa even op and Recs ° Jamie M ola rO for work with the lu Naf Su rface model 
bottom trace: raw and processed geophone 1 data, raw and processed ve aepeaslgiae | ae a ¢ Data Archives and Transmission System (JAXA) Heffels, A., Knapmeyer, M., Oberst, J., & Haase, I., (2017), Re-evaluation of Apollo 17 


geophone 2 data, raw and processed geophone 3 data, and raw and 210 50 - ; : ops : : 
180 clockwise, with each bin containing 6°. ¢ Alabama Space Grant Consortium grant NNX15AJ18H Lunar Seismic Profiling Experiment data, Planet. Space Sci., 135:43—54. 


processed geophone 4 data. 


